Neuroimaging techniques can be used not only to identify the neural substrates of attention, but also to test cognitive theories of attention. Here we consider four classic questions in the psychology of visual attention: (i) Are some 'special' classes of stimuli (e.g. faces) immune to attentional modulation?; (ii) What are the information units on which attention operates?; (iii) How early in stimulus processing are attentional effects observed?; and (iv) Are common mechanisms involved in different modes of attentional selection (e.g. spatial and non-spatial selection)? We describe studies from our laboratory that illustrate the ways in which fMRI and MEG can provide key evidence in answering these questions. A central methodological theme in many of our fMRI studies is the use of analyses in which the activity in certain functionally-defined regions of interest (ROIs) is used to test specific cognitive hypotheses. An analogous sensor-of-interest (SOI) approach is applied to MEG. Our results include: evidence for the modulation of face representations by attention; confirmation of the independent contributions of object-based and location-based selection; evidence for modulation of face representations by non-spatial selection within the first 170 ms of processing; and implication of the intraparietal sulcus in functions general to spatial and non-spatial visual selection.
Introduction
Without attention, the contents of our awareness would be strictly determined by the stimuli impinging on our senses. With attention, we can select which stimuli will be analyzed in detail and will be allowed to guide our behavior, making us active participants in the construction of our own perceptual experience. Efforts to understand attention have recruited every method in the toolbox of cognitive neuroscience. This enterprise has led to a wealth of new insights into questions that have been at the heart of attention research since the 1950s and 1960s. In this chapter we review recent work from our laboratory using fMRI and MEG to address four key issues concerning visual selective attention.
Four questions about 6isual attention
The earliest research in selective attention asked how processing of a stimulus was affected by directing attention toward that stimulus versus away from it. For example, when subjects listen to a message played into one ear while an ignored message is played simultaneously into the other ear, what kinds of representations are extracted from the ignored message [11]? We discuss here fMRI and MEG studies that address an analogous question for the case of vision. These techniques allow direct measurement of the neural processing of a specific visual stimulus as a function of whether that stimulus is attended or not. We focus in particular on how attention modulates the processing of faces. Faces are at the heart of our investigations for two reasons. First, recent work in fMRI, ERP, and MEG (discussed below) provides sensitive and selective measures of face processing in humans, making them ideal from a methodological standpoint. And second, owing to their high familiarity, relevance, and likely evolutionary import, faces may represent a special class of stim-
